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(54) Hydrophilic contact lens coating 

(57) The present invention provides a 
contact lens comprising an optically 
clear, transparent body having a lens 
surface, said lens surface defining a 
polymeric material carrying an ionic 
charge, a thin layer of a polyelectrolyte 
complex coating said lens surface and 
electrostatically bound thereto, said 
coating comprising an ionic polymer 
and said polymerforming a hydrogel at 
the surface which absorbs water, has 
good water retention and is compatible 
with the physiological structure of the 
eye. 

The present invention also provides a 
solution and a method of treating con- 
tact lenses with the ionic polymer. 
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SPECIFICATION 

Hydrophilic contact lens coating 
5 The present invention is concerned with contact lenses, solutions for treating contact lens surfaces and a 
ThS £^ a contact .ens must have surfaces that have a certain degree of 

corneal surface. . mivMtrp nf CQ monomers in the formation of contact lenses 

Often hydrophilic = ™XC«r «Sit"S2 "suit w~ V e a certain degree of 

20 involved and difficult manufacturing procedures. sur faces through secondary chemical 

25 dryness between eye bl.n^S ate of . „ cushiotr layer between the lens and the eye 

carries a thin layer of po.yelec.ro.yte como'ex coating the ^ a ™ , ens that Y nas an ionic 

It is another object of this invention to P/ov.de a method or end ™g » c° ionic 

surface more compatible with the eye by 'mmersing th lens u ' J a ^J^ 0 ^ ,^ increa Y ses its hydrophilic 
35 Polymertoformathinpolye^ 

Y .n the preferred embodiment, the .ens is an «X ^-by mere.y immersing the 

has the potential of having an ^^^S^ e t iX^^ in a water solution or a water 
lens in a solution which consists essentially of an ionic po yme solution. 
45 solution containing so.uble organic components compn^g from OMUoW* by 9 ^ ^ .^.^ 
The ionic polymer can be any ionic polymer compatible with .the ^ of the contact , ens . 

charged ionic polymer with which the surface is reacted «'*J' W ^ a ? ents are mixed with the ionic 
. be prepared to provide optima, wearer "<*^%^™^£ZZ%£ m the resu.ting 
55 polymer solution, mucus, dirt and other unwanted deposits can oe 

polyelectrolyte complex surface. matpria i s are normally prepared from neutral monomers 

Soft and hard synthetic polymer contact lens materials are o™ y orepare d in such a manner 

* and/or po.ymers. In this invention both soft and ^fd contac containing an 

that ionic sites are present on the lens surface, * v *»™?;*^wZ\tet«i polyanionic, the surface can 
60 oppositely charged. ^"P^^ of a hydrophilic polyelectrolyte 

then be reacted with a hydrophilic polycation w. th the resu t. g obtained from a 

comp.ex. Polyelectrolyte complexes have an ^^^^^^ as ionically cross-linked 
diffAnt source. In addition, a surface coating of 

hydrogels that are effective in retaining water of hydratton In th s ^ § 

65 polyelectrolyte complex is achieved on a lens surface. A soft contact 
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oolvelectrolyte complex is known but would not have the desired properties of lenses prererred in 
accordance with this invention. In the present invention, it is possible that the reaction or ion.c sites on a 
oolvmer surface, or potential lonic'sites. with concommitant release of a low molecular weight electrolyte - 
such as sodium chloride, hydrogen chloride, sodium sulfate, sodium methyl sulfate or any other related 
5 electrolyte could give rise to a monolayer coating of polyelectroiyte complex. 

Polvelectrolyte complexes, although highly hydrophilic, are water-insoluble and can be dissolved with 
some difficulty usually by a ternary solvent system, incorporating water, a water-soluole organic compound, 
and a low molecular weight electrolyte. This solubility behavior implies that in the present mvent.on the 
oXe ectr^e complex treated surface is very difficult to dissolve and separate from the lens surface by the 
10 aqueous E of the eye, although this surface coating conceivably could be eroded by mechan.cal act.on .n 10 
?he eye during wear. Should dissipation of the polyelectroiyte complex from the lens surrace occur it can 
readil be eo^aced by retrea'tment of the lens with the appropriate oppositely charged polygon •ohjon. 

J^nXt^ro\yteco m o^ on the lens surface can be achieved by several means. If an an.on.c surface « 
HP,£d^hte cm I be , accomplished by incorporation into the lens formulation of any monomer or monomers _ 
15 SS— saugrouo. a vinyl sulfonate salt, an ally, or medially. 1a 
sXa styrene sulfonate salt, an acryloyloxy ethyl or methacryloyloxyethyl sulfate salt ""^ted 
acrvlamido or methacrylamido sulfonate salt or from related phosphonate, phosphate and phosphite salts 
o5^merfeabr m onomers. Alternatively, a potentially anionic surface can be generated for subsequent 
treatment w"h a polycation followed by elimination of a low molecular weight ac.d such as hydrogen 
20 chlorTdeToTby subsequent treatment with a neutral basic polymer resulting m an acid-oase neut liatoon 
reaction Such Jnionic monomers include compounds such as acrylic and methacryhc acid vmyl-su feme 
adc tally! or methallyl sulfonic or sulfuric acid, styrene sulfonic acid, an acrylamido or methacrylam.do 
ci ilfnnic acid or a Dolvmerisablephosphonic or phosphoric acid. ... * 

desired, this is accomplished by incorporation into the lens formulate of any 
25 auatemanTor protonated monomer or monomers from the acrylate or methacrylate salt group, a -5 
SSSrt™ vinyllmldazolium salt, a vinylirnidazolinium salt, a vinylthiazol.um salt a vmyl- 
r n zvlaConium salt a diallyldialkylammonium salt, or a related alkylated or protonated polymenzable 
^^^^^^mwAX. Alternatively, a potentially cationic surface can be generated or subsequent 
?reS-nnS pSiyacid resulting in an acid-base neutralization reaction. Such potent* ly cation c 
30 monc^e s^clud such as a dialkylaminoethyl acrylate or methacrylate. a vmylpyndme, a 

30 SZt ^.be P nzv. amine, a viny. alky, ether or "^'^^^^SP^ a 
It is also oossible to generate an ionic charge on the lens surrace by chemically or s,ectr ca,1 Y ™°y'" 9 a 
neu raTmonom Sc repeat unit to one that is chargd. For example, an anionic surrace can oe obtained^ by 
SngTp^yester material, such %^~^£SL be 35 

sSrSimHa Jy, a 'cationic surface can be obtained by alkylating or protonating neucleoph.l.c amine, sulfioe 
"vSlJ aU hard a^o^oTactTens materials presently disdosed are electrically neutral .polymer. , jr 

^ p »d^^^^ 

55 could be employed as co-reactants with hydroxyethyl methacrylate to produce a material that .s su.table 
soft contact lenses which, in addition, provides an ionic surface. materials which ' 

from this modified CAB material would be inherently wettable with an .onic surface receptive to 

10%ofthesurfaceareaischargedandthechargede^ 65 

65 The lens solutions of this invention are in all cases USP sterile, pre.erau y 
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ingrecients common to .ens so.utions and which carry from 0.001 to 10% by weight of a water so.ub.e ionic 
polymer or poiymers such as: 



Cation ic 



5 homocolymers and copolymers of: 

10 N-(3-methacryiamidopropyl)-N,N-dimethylam.ne 

N-(3-me!hac^lamidoprop y l)-N.N,N-trimethylammon,um chlor.de 

15 SSSSSS^ ch,oride 

. diaflyTdletnTlammonium chloride and methy.sulfate 

vinyibenzyltrimethylammoniumchlonde ^ 

cationic starch 
20 cationic cellulose 
ionene polymers 
Anionic 

sodium carboxymethylcellulose 

sodium carooxymethylhydroxyethylceliulose 25 
25 sodium carboxymethylstarch » 

sodium carboxymethylhydroxyethylstarch 

hydrolyzed poiyacrylamide and polyacrylonitr.le 

homopolymers and copolymers of: 
acryiic and methacrylic acids 
30 Sodium acrylate and methacrylate 

vinylsulfonic acid 
sodium vinylfulfonate 

p-styrenesulfonicacid 35 
sodium p-styrenesulfonate 
35 2-methacryloyloxyethylsulfon.c acid 

3-methacryloyloxy-2-hydroxypropYlsulfon,c ac.d 

2-acrylamido-2-methylpropanesulfon.cac.d 

allylsulfonicacid . 4Q 

2-phosphatoethyl methacrylate invention include conventional lens solution cleaning 

40 Other additives to the soaking lens sol^onsofths mventor mc ethylene diaminetetraacetic 

and soaking solution additives P^" 8 ^""* " J'SS igents such as polyvinyl alcohol. 

acid (EDTA), mercurials and *'°'° bu »;^ agents such as the * wettmg 

hydroxypropyl methylcellulose and methyl cellulose xan ° e use d cIeaning ag ents such as neutral 

50 -oraved dropoed, or rubbed on the lens surface. cnnAover the lens surface which acts as a 



tetraethyleneglycol dimethacrylate (TEGDM) ™™$r uti , iz ed to effect polymeraation The 
60 The free radical initiator 2,2'-a Z ob.s. S obuty on.tr le thoroughly mixed, transferred to test 

formulation components {shown .n Table I in weight °e£ en " , n a water bath at 40 C and 

ub" stoppered, degassed, then ™^£^^£Z$Sl 60'C oven for an additiona. three days, 
allowed to polymerize for two days. The "•" p lllbe8 -me rods were then subjected to 

after which the polymerized rods were removed fr0 ™ th ^tubes. Th ^ poly merizat.on process 

65 conditioning for approximately fifteen hours at 100 C under 
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Surface Advancing Angle 

Composition Treatment in degrees 
(wt. percent reagent) 

15 MMA MA TBGDM AZO 

10 0.2 none 32 " 84 

98,8 \ in 0 2 none- 74-75 . 2Q 

93.8 5 1-0 A# 77.78 20 

20 93.8 5 1-0 Q2 B „ 64 . 65 

a thorough rinse with distilled water tr „ tment « A » with a subsequent five minute immersion in a 0.1 25 



we ght percent caiioim. uyu. — j-..;n»^i«atsr 
temperature followed by a thorough rinse w.th distilled water. 



EXAMPLE II ... . Pv , mD i e i har d oolymerictest samples were prepared 

Using the experimental procedures descnbed m Examp ^ ""3^ j^, sjloxane (TRIS , and methacrylic 30 
30 from methyl methacrylate (MMA), met hacryloy toxypn P*' ^ Us incorporated as a 

acid (MA). A minor amount °f tetraethy ene g.y col d ™MBN) was utilized to effect 
crosslink^ agnt. The free radical ™«*™}£'™*^"L 0 Me treatments and contact angle values are 



crosslinks agnt. The free radical initiator 2 ^^~^^ eM s and contact angle values are 
35 production of hard, oxygen permeable contact lenses. 
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TABLE II 

Composition 40 
(wt. percent reagent) 



MMA 59 - 4 

TRIS 34 * 6 

MA 4 ' 9 45 

TEG DM °* 9 

45 AZ0 0.2 

Advancing angle in degrees 50 

Surface Treatment 

50 80-82 
none 82 .33 

ft At' 

A 77-78 

B 78-79 55 

55 ^S^S^-^ 1 



60 



with distilled water. • 60 

EXAMPLEIII -hoH in Pxamole I hard polymeric test samples were prepared 

Using the experimental procedures descnbed in ™ ' Lethylsilyl) siloxane (TRIS) and d.methyla- 
from methyl methacry.ate (MMA, methacry ^^^^^v^L^iOi^^ C1EGDM) was 
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be utilized in the production of highly oxygen ^ m ^^^^^l-„ formulation which is . 



Composition 10 
(wt. percent reagent) 



10 MMA 51 * 8 

TRiS 42 - 4 

DMAEM 4 - 7 

TEGDM °- 9 15 

AZO °- 2 
15 Advancing angle in degrees 

Surface Treatment 4 

none 84 . 85 

"D"* 75.76 20 

77-78 

.r, ea ™ e ™» D "wasa« l v, mi n U ,= imra e-»^."a M roc kl o ri c,= MS o, U «on 1 pH-3.0 l ,c, l ow.dbva 

IJ^ZS^S^^ » ■ " w,,sht pereem P< " V3 " V '" : acld wa,er s< " u,lon 

25 followed by » thorough rinse with d'st'ljed water. . ...„ , , _ sub sequent five minute immersion in a 0.1 

^^^^ Sy 3 thOrO09h rinSe W " diSt,Ued 

Tgenera.. the po.ymeric materia, of the lens is preferably selected from the group compns.ng: 



30 R, 

CH 7 = C 

C-O 

35 I 

O 
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60 t *vyn "d" is an integer from 

hpr« "a" is an integer from one to three, "b" and "c" are '"^^^^^ected from the class of methyl 

65 TheTolyrneric material can also consist essent.ally of. 
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10 where R 1 and R 2 are selected from H, CH 3 , C 2 H 5 , C 3 H 7 , C S H 5 , COOH, CH a -CH- and -0- groups. 

in some cases, the polymeric material consists essentially of cellulose units having therormula: 
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20 

where R 1# R 2 and R 3 are selected from H, derivatives of C-Cw carboxylic add, C,-C 20 alky! groups, C, to C 3 
monohydric and dihydric alkanols, phenyl groups, CH 2 C00H, and CH 2 CH a NR 3 groups wherein R 4 = H, CH 3 , 

25 ° r While specific polymers described can be used alone, they can also be used in combination with each 
other. For example, the lens composition can comprise a mixture of two or more different derivatives of 
acrylic or methacrylic acid, it is important that the ionic charge be present and that the polymer or polymer 
mixture provide good contact lens characteristics as known in the art such as optical clarity. 

7D Preferably the contact lenses have a lens surface which contain ionic sites which are completed I to 
oppositely charged polymer sites selected from the groups COOX, S0 3 X, and P0 3 X, wherein X = H or 
monovalent inorganic ion N <R) 3 groups, wherein R = H, CH 3 or C 2 H 5 groups, S(R )* wherein R - H, CH 3 , 
or C 2 H 5 groups, p{R") 3 , wherein R" = H, CH 3 , C 2 H S and phenyl groups, pridimum groups and tmidazolium 

groups. 
35 What is claimed is: 

CLAIMS 



25 
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40 



1. A contact lens comprising an optically clear, transparent body having a lens sunace, 
said lens surface defining a polymeric material carrying an ionic charge, 

a thin layer of a polyelectrolyte complex coating said lens surface and electrostatically oound thereto, 
said coating comorising an ionic polymer and said polymer forming a hydroge at the surface which 
absorbs water, has good water retention and is compatible with the physiological structure of the eye. 

2. -A contact lens in accordance with claim 1 wherein said polymeric material is: 



40 



45 



45 



i 

CH - = C 5l 

50 1 ' 

OO 

I 



o 

R 



55 



where R, « H, CH 3 , CH 2 COOH, CH 2 COOCH 3 , or CH 2 COOC 6 H 5 , and R 2 - H, or C r C 20 derivative of a 
monohydric alkanol, a C r C 3 derivative of dihydric and trihydric alkanols, or 
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-tCH 2 )-SL-0-St-£o)r-D 



io 1 — ^ A 



15 




15 



C 

where "a" is an integer from one to three, "b" and "c" are integers from zero to two, "d" is an integer from • 
zero to one, A is selected from the class of methyl and phenyl groups, B is selected from the class or methyl 
20 or phenyl groups, C and D represent either no group {cyclic ring from "c" to "d") or methyl or phenyl groups. 20 
3. A contact lens in accordance with claim 1 and further comprising said polymerjc material consisting 
essentially of 

*\ 25 

- Si-O- 

I 



30 



30 



35 essentially of cellulose units having the formula 



35 



40 



-o 




40 



45 



o o 

R 2 R 3 45 



50 



where R, R 2 and R 3 are selected from H. derivatives of C,-C 20 carboxylic acid. C,-C 20 *W*™P*. C, to C, 
monohydric and dihydric alkanols, phenyl groups, CH 2 COOH. and CH 2 CH 2 N R 3 groups, wherem R 4 - H. 

CH 5 " intact .ens in accordance with claim 1 wherein said .ens surface c °^|^^^^^ x 5 ° 

complexed to oppositely charged jpolymer sites selected from t he »" W H ^ p ^i n iE2^ n , S , ^. 
= H or monovalent inorganic ion, fr(R) 3 groups, wherein R = H, CH 3 or C 2 H S 9™UP«;S«" ** 
CH 3 , or C 2 H 5 groups. P(R"> 3 . wherein FT = K. CH3. C 2 H S and phenyl groups, pyrid.n.um groups and 

T^SSJin accordance with Cairn 1 wherein said .ens surface has a tota. ionic charge of from 55 

T A contact lens in accordance with claim 6 wherein said thin layer of po.ye.ectro.yte complex coating 
has a thickness In the range of from 20 to 2,500 Angstroms. m ^hirh aro 

I A contact lens in accordance with claim 2 wherein said lens surface ^^^ggZ** X 60 
60 complexed to oppositely charged polymer sites seated ^ m "^5^ "^wherein R' = 



55 



T A coSSJ in accordance with claim 3 wherein said ,ens surface ^^^^ Te]n X 
65 complexed to oppositely charged polymer sites selected from the groups COOX, S0 3 X, and PQ 3 x, w 



65 
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= H or monovalent inorganic ion,fr(R) 3 groups, wherein R = H, CH 3 or C 2 Hs groups,S(R')2 wherein R' = H, 
CH 3 , or C 2 H 5 groups, P(R") 3 , wherein R' = H, CH 3 , C 2 H S and phenyl groups, pyridinium groups and 

imidazolium groups. * . 

10. A contact lens in accordance with claim 4 wherein said lens surface contains ionic sites which are 
5 complexed to oppositely charged polymer sites selected from the groups COOX, S0 3 X, and P0 3 X, wherein X 

= H or monovalent inorganic ion,S(R| 3 groups, wherein R = H, CH 3 or C 2 H 5 groups,S(R') 2 / wherein R' = H, 
CH 3 , or C 2 H 5 groups, P(R")3i wherein R" = H, CH 3 , C 2 H 5 and phenyl groups, pyridinium groups and 
imidazolium groups. 

11. A contact lens in accordance with claim 7 wherein said lens su rface contains ionic sites which are 
1 0 complexed to oppositely charged polymer sites selected from the groups COOX, SO3X, and P0 3 X, wherein X 

= H or monovalent inorganic ion, N(R) 3 groups, wherein R = H, CH 3 or C 2 H 5 groups, S(R')2* wherein R' = H, 
CH 3 , or C 2 H 5 groups,P(R") 3 , wherein R" = H, CH 3/ C 2 H 5 and phenyl groups, pyridinium groups and 
imidazolium groups. 

12. A lens solution for treating contact lens surfaces, said lens solution consisting essentially of an ionic 
1 5 polymer in water solution with said polymer being present in an amount of from 0.001 to 1 0% by weight of 

said solution, 

said solution being sterile and having a physiologically acceptable pH. 

13. A lens solution in accordance with the lens solution of claim 1 2 and further comprising lens cleaning 

and preserving additives. . 2 n 

20 14, A method of forming a poiyelectrolyte complex coating on a polymeric lens, said method 

comprising, 

wetting said lens surface with a wetting solution carrying an ionic polymer to form a thin layer of said 
polylectrolyte complex electrostatically bound to said surface, 
said coating comprising an ionic polymer and said polymer forming a hydrogel at said surface which 
• 25 absorbs water, has good water retention and is compatible with the physiological structure of the eyes. 
15. Contact lenses according to claim 1,esubstantjally .as hereinbefore decribed and exemplified. 
1 sl A solution for treating contact lens surfaces, substantially as hereinbefore described and examflified. 
17*. A method according to claim 14 of forming a coating on a contact lens, substantially as hereinbefore 
described and exemflified. 
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XP-0021 03586 

1/1 - (C) VP I / DERVEN7 

AN - 89-223299 c31! 

AP - JP860308716 861226 

PR - JP860308716 361226 ... 
71 - Vashing and preserving soln. for contact lens - 

contains water-soluble cationic polymer dissolved in 

saline soln. or pure water 
IV - WASHING PRESERVE SOLUTION CONTACT LENS CONTAIN WATER 

SOLUBLE CATION POLYMER DISSOLVE SALINE SOLUTION PURE 

- WATER 

PA - (DAIL ) DAICEL CHEM IND LTD 

PN - JPU53412 A 890621 DW8931 003pp 

ORD - 1989-06-21 

IC - C11D17/00 ; G02C7/04 ; G02C13/00 

FS - CPI;GMPI 

DC - A18 A96 D22 P81 

A3 - J01158412 Soln. contains water-soluble cationic 

polymer, which is dissolved in physiological saline 
soln. or pure water. 

- The cationic polymer of natural polysaccharide such as 
cellulose, starch, tamarind, etc. and their derivs. to 
which are added alkylene oxide or glycidol is used. 
Cationic polyvinyl pyrrolidone, cationic polyacrylic 
acid, etc. and their derivs. can be used. The mixts. of 
at least two kinds of cationic polymers can be used. 
The amt. of the cationic polymer to soln. is 0.01-5 
wc.%, pref ./ 0.01-2 wt.%. The buffer agent and other 
additives . can be used. 

- US E / ADVANTAGE Used for washing and preserving soln. 
fcr contact lens. The soln. has both functions for 
washing and preservation. It keeps hydrophilic property 
of che lens surface and suppresses the reproduction of 
bacteria. The acdn. cf germicide is not needed. (0/0) 



